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I. INTRODUCTION
Cd-based compound semiconductors with high optical absorption coefficients (>5 × 10 5 /cm) and direct band gaps (1.474-2.5 eV) are apposite for engineering integrated microelectronic, sensor, spintronic, photonic, photovoltaic, piezoelectric, and optoelectronic devices. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Unlike, most II-VI materials, the Cd chalcogenides (CdS, CdSe, and CdTe) exhibit either in the zinc-blende (zb) and wurtzite (wz) crystal structures or in mixed zb/wz phases with varied degrees of ionic/covalent bonding. Earlier use of II-VI compounds [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] for the fruition of blue-green light-emitting diodes (LEDs) was hampered by the nonavailability of good-quality crystals and difficulties of managing doping. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Recent progress in epitaxial techniques has offered preparation of high-quality epilayers and heterostructures on convenient and nearly lattice-matched III-V substrates. Depending upon the growth conditions, it is possible to stabilize one of the two crystal structures either by strain, choosing proper substrates and/or buffer layers, or by controlling the growth temperatures. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Thin CdS or CdSe epilayers are now grown in the zb phase which does not exhibit the lowest-energy configuration in the bulk. 33 Despite technological significance of II-VI materials, the prevailing information on their fundamental properties is either sparse or contradictory. [34] [35] [36] [37] For instance, while the phonon dispersions of zb CdTe are known from the inelastic neutron-scattering spectroscopy, 37 no such study exists for CdSe and CdS. Earlier, Deligoz et al. 34 performed ab initio calculations of the elastic, electronic, and lattice dynamical properties of zb Cd chalcogenides; no comparison was made, however, with the experimental data of CdTe 37 to ascertain the accuracy of their simulated values of phonons. A recent study of thermal properties using the full-potential linearized augmented plane-wave method 36 within the density functional theory has provided contradictory results of both the Debye temperature D and the thermal expansion coefficient α for CdTe. 38 For ternary compounds, although extensive studies are available [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] on the structural and vibrational properties of II-II-VI materials (e.g., CdZnTe, HgZnTe, etc.), there exist limited measurements, however, on the lattice dynamics of alternative II-VI-VI compounds (e.g., CdTeSe, CdSTe, etc.). Earlier IR reflectivity experiments 40, 41 in mixed CdTe 1−x Se x alloys with zb structure for x < 0.35 and wz structure for x > 0.5 suggested the possibility of two-phonon-mode behavior. Other IR studies for x < 0.35 performed on the zb CdTe 1−x Se x crystals 43, 52 have revealed two major phonons and insinuated a third unresolved feature near ∼175 cm −1 . Following Verleur and Barker, 53 the origin of an unexpected phonon feature in CdTe 1−x Se x was interpreted 43 in terms of the nonrandom substitutions of the negative ions to cluster around the positive ions. Such a clustering, which tends to make the small regions in ternary alloys either CdTe rich or CdSe rich, was believed to have characteristic effects on the optical phonons as they are strongly dependent upon the Cd-Se, Cd-Te nearest-neighbor bond lengths/force constants. In the low-composition regime of CdTe 1−x Se x , i.e., x → 0, it is likely that the light Se atoms in the CdTe matrix may cause the q → 0 conservation rule to relax. Thus, relating the observed unresolved phonon feature near ∼175 cm −1 [just above the maximum phonon frequency ω m (170 cm −1 ) of CdTe] to the localized vibrational mode (LVM) of Se Te in CdTe cannot be completely ruled out; its justification would require, however, realistic lattice dynamical simulations.
The purpose of this paper is to undertake a comprehensive investigation elucidating both the structural and lattice dynamical characteristics of II-VI-VI alloys, especially the composition-dependent variations of the bond lengths in CdTe 1−x Se x , and to reexamine its impact on the phononmode behaviors (cf. Secs. II A-II C). Low-temperature Raman scattering spectra reported in Sec. II B on the Bridgmangrown zb CdTe 1−x Se x crystals (cf. Sec. II A) are compared with the IR reflectivity data. 52 The extended x-ray-absorption fine-structure (EXAFS) measurements on the same material samples are regarded as imperative in mapping the local atomic structures (cf. Sec. II C). A simple but first-principles bond orbital model [54] [55] [56] (BOM) used earlier in estimating the structural relaxation is found to be crucial for extorting Cd-Se and Cd-Te bond lengths/strengths in CdTe 1−x Se x . This information is meticulously incorporated in the "average tmatrix" (ATM) formalism (cf. Sec. III) using Green's-function theory [57] [58] [59] in defining the perturbations for comprehending the composition-dependent optical phonon-mode behaviors (cf. Sec. IV). In simulating self-energy terms, the necessary Green's-function matrix elements of CdTe and zb CdSe are calculated numerically by assimilating phonons from a realistic lattice dynamical rigid-ion model (RIM). 60 The observed impurity modes for the limiting values of x in CdTe 1−x Se x are well described by the ATM-Green's-function methodology. 57, 58 Theoretical results of lattice dynamics for the binary and ternary Cd chalcogenides are compared and discussed with the existing experimental/first-principles data, 37, 61 with concluding remarks presented in Sec. V.
II. EXPERIMENT

A. Sample preparation
The single-crystal CdTe 1−x Se x samples (x = 0.05, 0.15, 0.25, 0.35) considered in the present Raman scattering and XAFS measurements were grown using the Bridgman technique at the Massachusetts Institute of Technology by reacting the 99.9999% pure elemental constituents at approximately 1150
• C in the evacuated sealed quartz tubes. The composition values x were calculated from the mass densities. The precast alloys were regrown at a rate of 0.8-1 mm/h using the directional solidification method in a Bridgman-Stockbargertype crystal-growth furnace adiabatic zone with a temperature gradient of about ∼15
• C/cm. The resulting boules were cut into 1-2-mm-thick slices perpendicular to the growth direction and annealed at 650
• C in a Se atmosphere. Sample crystallinity and orientation were characterized by x-ray data and metallographic etching. All material samples were lapped, polished, etched in a bromine-methanol solution, and found to exhibit in the zb crystal structure. 
B. Raman scattering spectra
An earlier room-temperature Raman study that we know of on CdTe 1−x Se x excited at 1.06 μm by a YAG:Nd laser come from Plotnichenko et al. 42 In Fig. 1 , we have displayed our composition-dependent low-temperature (80 K) Raman scattering spectra for four of the CdTe 1−x Se x alloy samples (cf. Sec. II A). An argon-ion (Ar + ) laser source operating at visible wavelengths (501.7 nm) was used to excite the vibrational spectra over the 100-500 cm −1 frequency range. This energy region covered both the first-and second-order phonon features. It is well known that for the zb material samples only the longitudinal optical (LO) phonons in Raman spectroscopy are allowed due to selection rules in the (100) backscattering geometry. A few TO modes seen in Fig. 1 are attributed to the relaxation of the q conservation law in the scattering process due to alloy disordering and/or by a slight deviation from the true backscattering geometry. Raman spectra in the energy range of 140 and 200 cm −1 has revealed CdTe-like and CdSe-like transverse optical (TO) and LO phonons, labeled TO 1 , TO 2 , LO 1 , and LO 2 , respectively. Even in a sample with the lowest value of x = 0.05 [see Fig. 1 Fig. 1 are due to the second-order LO phonons, i.e., the combinations of LO 1 and LO 2 , 2LO 1 , LO 1 + LO 2 , and 2LO 2 . In compound semiconductors the strength of higher-order phonons is generally sensitive to the degree of crystalline perfection. As x increases, the intensities of second-order LO phonon features relative to the first-order peaks decrease, indicating an increased disorder in the material samples. Although we are unable to identify the origin of a broad feature near ∼250 cm
, it is probably related either to the disorder or to the defects.
In CdTe 1−x Se x the comparison of Raman scattering data with the existing IR reflectivity spectra 43, 52 has undoubtedly revealed two major phonon features in the 140-200 cm −1 energy range. For ternary alloys, one must note that while the IR reflectivity spectra in the long-wavelength region are primarily modulated by the TO phonons, these modes in the Raman scattering spectroscopy are either forbidden or hardly discernible. Therefore, for x 0.05 it is the IR reflectivity 43, 52 that provided hints of the CdSe-like TO-phonon splitting near ∼180 cm −1 into an additional weak mode, appearing on the lower-energy side (∼175 cm −1 ), possibly originating either as an alloy disorder or as a LVM of Se Te in CdTe. Earlier, Perkowitz et al. 43 used the formalism of Verleur and Barker 53 and interpreted the unexpected mode in CdTe 1−x Se x instigating from the nonrandom substitutions of the negative ions clustering around the positive ions. More recently, 52 the weak phonon feature ∼175 cm −1 was contemplated as a LVM of Se Te in CdTe while explicating the observed two-phononmode behavior in terms of a modified random-elementisodisplacement (MREI) model. Based on the impurity mode calculations using an ATM-Green's-function theory, we will reaffirm the origin of the observed mode near ∼175 cm −1 as a Se Te LVM.
C. X-ray absorption fine-structure spectra
To map the local structures around selected elements in a material system [44] [45] [46] [47] [48] [49] [50] XAFS spectroscopy is regarded as one of the most powerful tools. For CdTe 1−x Se x samples with different compositions x, we collected room-temperature XAFS data at the Se K edge (12,658 eV) in x-ray fluorescence (XRF) yield mode at beam line 17-C at the National Synchrotron Radiation Research Center (NSRRC) in Hsinchu, Taiwan. The broadband x-ray spectrum from synchrotron was directed into a double-crystal monochromator (DCM). After minimizing the higher x-ray harmonics by detuning the DCM, a monochromatic x-ray of energy E emerged with a relative bandwidth of about ∼10 −4 eV. The photon energies were calibrated within an accuracy of ∼0.1 eV using the known Se K-edge peak of CdSe. The beam of incident x-ray photon flux I o was monitored simultaneously by a Ni-mesh located after the exit slit of the DCM. X-ray photons were incident at an angle of 45
• with respect to the sample normal. A microchannel plate (MCP) detector composed of a dual set of MCPs with an electrically isolated grid mounted in the front was used in recording the XRF spectra. For XRF yield detection the grid was set to a voltage of 100 V, while the front and back of the MCPs were set at −2000 and −200 V, respectively. The grid bias ensured that no positive ions were perceived while the MCP bias was maintained to ensure that no electrons were detected. The MCP detector was located nearly 2 cm from the sample and was oriented parallel to the sample surface. A second detector placed behind the sample with thickness d provided transmitted synchrotron radiation (SR) intensity I with absorption coefficient μ(E) obeying Beer's law, i.e., Fig. 2(a) , we have displayed the SR-XAFS spectra for the Se K-edge absorption coefficient versus photon energy E for four of the CdTe 1−x Se x samples with different compositions. Subtracting the smooth "bare-atom" background μ o (E) that fitted the preedge region and dividing it with "edge step"
165208-3 
, one can extrapolate the simple curve to the edge to give oscillations normalized to one absorption event. The XAFS data shown in Fig. 2 (a) consisted of two regimes: (a) x-ray absorption near-edge structure (XANES) and (b) EXAFS. Standard procedures 50 are followed for extracting the bond length and coordination number from the EXAFS data. The XANES region, which started slightly before the absorption edge and extended about ∼30 eV beyond the peak, is largely a fingerprint for the electronic properties, including the oxidation state and site symmetry of the absorbing atom. In the EXAFS region the oscillations, which started about ∼30 eV beyond the peak of the absorption edge and persisted for another 1000 eV, encoded most of the local structure parameters. ATHENA package codes are used in removing the background contribution to extract EXAFS oscillations. The R-space results displayed in Fig. 2(b) represent the Fouriertransformed spectra derived from the k-space data. Clearly, the observed signal [cf. Fig. 2(b) ] of the nearest-neighbor (NN) "Se-Cd" shell in the Fourier-transformed absorption exhibited no significant change in character over the range of Se composition. The EXAFS results provided the Cd-Se NN bond length, coordination number N [see Fig. 2(c) ], binding energy at the edge E o , and mean-square displacements σ 2 (see Table I ) as a function of composition x, revealing little change in the NN bond length from its parent binary compound, CdSe. In Sec. IV B we have used a simple but first-principles bond-orbital model to analyze the EXAFS data.
III. THEORETICAL CONSIDERATIONS
Understanding the phonons in II-VI alloys is significantly important for empathizing and controlling their structural and compositional-dependent characteristics. The existing lattice dynamical theories of disordered semiconductors are, however, not sufficiently sophisticated to make accurate predictions. The Green's-function methodology has been used frequently in constructing models to describe dynamical properties of imperfect solids. The advantage of this approach [57] [58] [59] is that it can yield spectral functions and impurity modes measured in optical experiments. There are many texts, monographs, and review articles available giving copious details for calculating the phonon characteristics in imperfect materials. [57] [58] [59] Here we succinctly described the Green's-function method within the ATM formalism and constructed two response functions, (a) the dielectric susceptibility χ αβ and (b) the scattering i αγβλ tensors, to study composition-dependent phonon spectra of CdTe 1−x Se x alloys. Both χ αβ and i αγβλ depend upon the correlation between displacements of distant pairs of atoms. These quantities can be evaluated numerically by incorporating host (i.e., zb CdSe and CdTe) lattice phonons from a realistic rigid-ion model 60 and defect perturbations 62 to obtain the composition-dependent impurity modes.
A. Optical response function
Theoretical interpretations of the IR reflectivity/absorption data in polar materials require simulation of the linear response functionε αβ (ω, q) =ε αβ (∞) + 4πχ αβ (ω). In perfect compound semiconductors, as the q = 0 selection rule of long-wavelength optical phonons is relaxed, the coupling of E(t) = [ limδ→0 = E o exp(−iω + δ)t] with electric dipole moment M in an imperfect lattice introduces a perturbation 
For the first-order electric dipole moment, the required susceptibility involves a displacement-displacement u β (lκ,t)u γ (l κ ) correlation function, which can readily be calculated by using the imperfect lattice Green's-function matrix elements: 
The above Green's function of the imperfect crystal's Hamiltonian H satisfies the equation of motion (in matrix notation):
and a similar equation [ 
Go,
can be easily iterated to give
It is convenient to introduce the ↔ t matrix to write the expansion in Eq. (6) as
where
In Eq. (8) we restricted the elements of a perfect lattice Green's function to those sites about i where the elements of
i is large enough, corresponding to a light isolated impurity atom (e.g., CdSe:Mg, CdSe:S) or, for heavier impurity, occupying the lighter host atom (e.g., CdSe:Te), then there will be poles of ↔ t i corresponding to the zeros of 62 Re det
causing localized (or gap) mode frequencies above the host lattice (or between the acoustic optical phonon gap) spectrum. On the other hand, for a heavier impurity atom occupying the heavier host atom or for a weak impurity host coupling, one would expect a lower-frequency mode in ↔ t i corresponding to the in-band/resonance vibrational feature appearing within the host lattice spectrum. For a pair of defects at sites i and i the solution of ↔ t ii can be carried out exactly with similar results.
B. Self-energy in disordered ternary alloys
To treat the vibrational behavior in ternary AB 1−x C x alloys with finite composition x, we followed the standard treatment of a many-body effect by using the Dyson equation and defined the self-energy for each mode. 57, 58 To carry out averaging of the Green's functions over all possible impurityhost configurations, subject to the restriction that impurity concentration x is a fixed quantity, we define
where the self-energy term ↔ plays the role of an effective perturbation. It can be related in terms of the average ↔ T matrix by
In a multiple-scattering approach
T j , and
describes single-site scattering at the j th impurity of the phonon wave scattered by other impurity atoms. In Eq. (12) the first term represents the scattering of an average incident wave by an atom with an average t matrix. The second term takes into account the correlation between fluctuations in the incident wave and in the atomic ↔ t matrix. In a single-site approximation one can neglect the correlation term, thus further simplifying ↔ to the following form:
It should be mentioned here that the above relations hold even if
↔
Go represents the Green's function of an arbitrary reference crystal. For the CdTe 1−x Se x the standard choice in the ATM formalism is to treat the nonrandom alloy as a periodic lattice with anion masses equal to the weighted average between Se and Te atoms. In this case ↔ is exact at both limits of the composition range if the first-order expansion in the defect concentration is carried out. By using the relationship between the dielectric constant and the susceptibility one may obtaiñ ε αβ (ω) in the spectral region of interest and hence the optical phonon properties of alloys.
C. Phonon-assisted Raman scattering in disordered ternary alloys
The relationship between the intensities of the incident and scattered electromagnetic fields is fully exhibited by the fourthorder frequency-dependent scattering i αγβλ tensor as i αγβλ (ω s ) = (2π )
where ω s = ω i + ω, P βλ (t) is the time-dependent operator for the electronic polarizability tensor of the crystal, and denotes the thermal average at absolute temperature T . For mixed alloys in the ATM formalism the description of impurity-induced first-order linearly polarized Raman intensity for the unit solid angle and for unit frequency shift ω s (=ω i + ω) is given by
where n is the thermal occupation number, c is the speed of light, and E β and E * β are, respectively, the directions of the electric fields for the incoming and outgoing photons. In Eq. (16), the polarizability tensor due to lattice vibrations is expanded as a function of ionic displacements u and only the terms P αβ,γ (lκ) describing first-order Raman scattering are retained.
IV. NUMERICAL COMPUTATIONS AND RESULTS
Lattice dynamics of II-VI compound semiconductors reflects the specific features about structures and interatomic forces that bind atoms together in the form of a crystal lattice. The simulations of phonons also provides valuable information regarding materials' thermodynamical and defect properties. 59 To comprehend the impurity modes in ternary alloys using ATM-Green's-function theory one needs to evaluate the Green's-function matrix elements 62 and the self-energy terms by incorporating phonons (eigenvalues and eigenvectors) of the host crystals (i.e., CdTe, zb CdSe) from a reliable lattice dynamical scheme.
A. Lattice dynamics of Cd-Zn chalcogenides
Here we have adopted a second-nearest-neighbor rigid-ion model 60 and evaluated the interatomic interactions of CdTe by fitting the inelastic neutron-scattering 37 data. For zb CdSe, the available first-principles results 61, [63] [64] [65] [66] of the elastic constants, bulk modulus, and critical-point phonons were valuable to us in constructing an optimized model (cf. Table II ). The RIM phonon dispersions for CdTe displayed in Fig. 3 are found to be in very good agreement with the experimental data. 37 Theoretical phonon values of the zb CdSe, however, deserved special comments. In its most common phase, CdSe exhibits in the wz crystal structure, whose parameters are almost ideally tetrahedral. In this respect the measured zone-center LO( ) 209-211 cm Table III for CdTe and zb CdSe are compared with the limited experimental or theoretical data. 61, [63] [64] [65] [66] Due to a small mass difference between Cd (112.4 amu) and Te (127.6 amu) atoms we have noticed a tiny gap in the calculated DOS between acoustical and optical phonon branches of CdTe (126-135 cm −1 ). As the mass difference increased between Cd (112.4 amu) and Se (78.96 amu) atoms, a larger phonon gap was identified from the DOS of zb CdSe (154-178 cm −1 ). These results played important roles relating the specific features of defects responsible for the observed impurity modes in Cd chalcogenides.
B. EXAFS data analysis of CdTe 1−x Se x
The bond lengths associated with different chemical species substituted for the cation or anion sublattice sites in II-VI alloys are expected to yield considerable displacements, leading to the relaxations of atoms compared to their original positions in pure compounds. The virtual crystal approximation, which assumes the bond lengths follow an average value of the binary materials, is proven inappropriate. On the other hand, the EX-AFS study has allowed measurements of the local structures in CdTe 1−x Se x alloys with higher accuracy, suggesting that the individual Cd-Te, Cd-Se bond lengths maintained values closer to their parent binary compounds. By using the first-principles BOM, [54] [55] [56] we have analyzed the EXAFS data for CdTe 1−x Se x alloys. The calculated total bond energy minimum is used to estimate the lattice distortions and hence the change in bond lengths for the Se/Te substituents in CdTe/CdSe lattice. For CdTe 1−x Se x , the x-dependent EXAFS results of the NN bond lengths displayed in Fig. 5 are compared with the BOM and XRD data. 67 Clearly, the analyses of experimental results insinuated much smaller composition-dependent changes in the bond lengths of Cd-Te and Cd-Se than the global average bond length (see Table I ) from XRD. 67 The distributions of anion-cation bond lengths are found to be bimodal, and their values as a function of x are closer to those of the reference binary compounds than to the average distance measured by XRD.
C. Impurity modes in Cd-Zn chalcogenides
In Cd chalcogenides, the substitutional defects occupying cation and/or anion sites are expected to give rise to either one or two nonpropagating optically active (infrared/Raman) impurity modes. [68] [69] [70] [71] [72] [73] The isolated impurities of light mass replacing lighter host atoms can trigger triply degenerate LVMs at frequencies higher than the maximum phonon (ω m ) frequency of the perfect lattice. 68 On the other hand, a light impurity occupying the heavier host atom can give rise to both a high-frequency LVM and a gap mode (falling between the gaps of acoustic and optical bands of the host lattice phonons, e.g., GaP:B). 68 In the binary zb CdSe, it is possible for the gap mode to occur for heavier Te impurities occupying the lighter Se (Te Se ) host atoms. 62, 69 To comprehend the vibrational properties of defects in CdTe or zb CdSe compounds we have adopted the ATM-Green'sfunction theory (cf. Sec. II B). To make the computational aspects of the problem manageable, reasonable assumptions are made (see Ref. 62) in defining the perturbation functions for the imperfect systems are evaluated numerically using a root-sampling technique by incorporating the host lattice phonons at 64 000 q points in the Brillouin zone. To assess the validity of our approach, we have displayed in Figs. 6(a) and 6(b) the calculated triply degenerate F 2 LVMs for several light isolated impurity atoms (T d symmetry) occupying the Cd or Se sites in zb CdSe as a function of radial force-constant change parameter t or u. The implications of impurity perturbation parameters (t and u) for the two different I Cd and I Se configurations are described in detail elsewhere. 62 A comparison of the calculated LVM modes 62 for isolated light S Se , O Se [cf. Fig. 6(b) ] defects in zb CdSe has provided a very good agreement with the experimental and first-principles data. 73 As expected, Figs The vibrational characteristics in AB 1−x C x ternary alloys, depending upon the constituent atomic masses A, B, and C, can exhibit a variety of interesting phenomena, including the so-called one-mode, two-mode, and intermediate mixed-mode behaviors. Based on Chang-Mitra's (CM) effective mass (μ AC , μ AB ) approach, 51 many efforts have been expended within the MREI methodology to predict a priori the expected types of phonon-mode behaviors in ternary compounds. 39 It is worth mentioning, however, that the CM-MREI scheme 51 cannot Before presenting our ATM-Green's-function results on impurity modes in CdSe x Te 1−x, we must note that the Raman and/or IR reflectivity studies have indicated no overlap of the long-wavelength optical [LO( ) -TO( )] phonons in the binary zb CdTe, 37 CdSe materials. [61] [62] [63] [64] This is one of the basic criteria for the ternary alloy to exhibit a two-mode-behavior. 51 In order to comprehend the vibrational characteristics in CdSe x Te 1−x using ATM-Green's-function theory we have focused our inquisition near the extreme composition limits where most of the Se or Te atoms are isolated in the CdTe-like or CdSe-like matrix. The analyses of EXAFS data for the NN bond lengths around Se/Te atoms in the CdTe/CdSe matrix using a first-principles BOM enabled us to estimate the lattice relaxations affecting the necessary force constants. [54] [55] [56] The values of radial force constants at impurity sites required for defining the perturbations are obtained from the second derivatives of the bond energies. [54] [55] [56] Based on the BOM we have determined appropriate force-constant variations for Se Te (i.e., of Cd-Se bond) defects in the CdTe matrix and for the Te Se (i.e., of Cd-Te bond) impurities in the CdSe matrix. Numerical simulations of the self-energy terms to the lowest/highest order of x are carried out to appraise the composition-dependent phonon features in CdSe x Te 1−x.
The graphical solutions of Eq. (9) 43, 52 Again, the numerically simulated value for the gap mode of Te Se in the extreme situation x → 1 lies well between the gap of the acoustic and optical modes of CdSe, in good agreement with experimental data. In the ternary CdSe x Te 1−x alloy this signifies that the CdTe zone-center optical modes at x = 0 converge to the gap mode of Te Se in CdSe at x ≈ 1. Similarly, the CdSe optical phonons at x = 1 congregate to the local mode of Se Te in CdTe as x approaches zero (i.e., x ≈ 0). Again at x ≈ 1, the Te Se gap mode in CdSe has a lower frequency than the two zone-center optical modes of CdSe appearing well within the gap between the optical and acoustical phonons, whereas at x ≈ 0, the Se Te local mode in CdTe has a slightly higher frequency than the two zone-center optical modes of CdTe. Clearly, the ATM-Green's-function results have strongly substantiated our experimental observations of the two-phonon-mode behavior for the CdSe x Te 1−x alloys.
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V. SUMMARY AND CONCLUSIONS
Comprehensive measurements of the optical and structural properties of CdSe x Te 1−x alloys (0.35 x 0.05) grown by using the Bridgman technique are reported using Raman scattering and EXAFS spectroscopy, respectively. While the Raman spectroscopy provided results for the optical phonon modes in CdSe x Te 1−x , the EXAFS measurements performed on the same material samples revealed valuable data on the composition-dependent nearest-neighbor bond lengths d, coordination number N , binding energy at the edge E o , and mean-square displacements σ 2 . For the ternary CdSe x Te 1−x alloys, the comparison of Raman spectra with IR reflectivity 43, 52 data in the long-wavelength region has undoubtedly exposed two major phonon modes in the energy range of 140-200 cm −1 . In the alloy zb structure, while the IR phonon spectra is primarily modulated by the TO modes, these phonons in the (100) backscattering configuration of the Raman spectroscopy are either forbidden or hardly conspicuous. In the CdSe x Te 1−x alloys with x 0.05, it is the IR reflectivity 43, 52 that provided indications of the splitting of a CdSe-like TO mode at ∼180 cm −1 into an additional weak phonon feature appearing on the lower-energy side near ∼175 cm −1 . Although Perkowitz et al. 43 interpreted the extra mode originating from the nonrandom substitutions of the negative ions clustering around the positive ions, the weak feature was contemplated as a LVM of Se Te in CdTe. Detailed analyses of the EXAFS data using a firstprinciples [54] [55] [56] BOM have enabled us to estimate the bond length relaxations and NN radial force constants around the Se/Te atoms in the CdTe/CdSe matrix. This crucial information is methodically integrated into the ATM-Green's-function theory in defining the defect perturbations to comprehend the composition-dependent optical phonons in CdTe 1−x Se x alloys. Our calculations of impurity modes in the low-composition regime, i.e., x → 0, have substantiated an earlier assertion that the weak phonon feature observed near ∼175 cm −1 in the lowtemperature IR reflectivity experiments is related to the Se Te localized vibrational mode. Additional polarization-dependent IR reflectivity and Raman scattering studies of several II-II-VI and II-VI-VI alloys now underway should further help authenticate our theoretical conjectures to definitive understanding.
